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ABSTRACT 

Objective: To examine long-term associations 
between change in alcohol-consumption status and 
cessation of alcohol use, and fibrinogen levels in a 
large, young, biracial cohort. 
Design: Analysis of covariance models were used to 
analyse participants within the Coronary Artery Risk 
Development in Young Adults Study (CARDIA) cohort 
who had fibrinogen and alcohol use data at year 7 
(1992-1993; ages 25-37) and year 20 examinations. 
Setting: 4 urban US cities. 
Patients: 2520 men and women within the CARDIA 
cohort. 

Main outcome measures: 13-year changes in 
alcohol use related to changes in fibrinogen. 
Results: Over 13 years, mean fibrinogen increased by 
71 vs 70 mg/dL (p=NS) in black men (BM) versus 
white men (WM), and 78 vs 68 mg/dL (p<0.05) in 
black women (BW) versus white women (WW), 
respectively. Compared with never-drinkers, there were 
smaller longitudinal increases in fibrinogen for BM, BW 
and WW (but a larger increase in WM) who became or 
stayed drinkers, after multivariable adjustment. For BM, 
WM and WW, fibrinogen increased the most among 
persons who quit drinking over 13 years (p<0.001 for 
WM (fibrinogen increase=86.5 (7.1) (mean (SE))), 
compared with never-drinkers (fibrinogen 
increase=53.1 (5.4)). 

Conclusions: In this young cohort, compared with 
the participants who never drank, those who became/ 
stayed drinkers had smaller increases, while those who 
quit drinking had the highest increase in fibrinogen 
over 13 years of follow-up. The results provide a novel 
insight into the mechanism for the established 
protective effect of moderate alcohol intake on 
cardiovascular disease outcomes. 
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INTRODUCTION 

Numerous studies have linked moderate 
alcohol consumption with lower cardiovascu- 
lar disease (CVD) morbidity and mortality. 1-3 
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Article focus 

■ To gain some insight into the established pro- 
tective effect of moderate alcohol intake on car- 
diovascular disease (CVD) outcomes. 

■ To determine the 13-year longitudinal associa- 
tions between change in alcohol consumption 
status and cessation of alcohol use. 

■ To determine variations in fibrinogen levels 
among a biracial group of young adult partici- 
pants from the large Coronary Artery Risk 
Development in Young Adults Study (CARDIA) 
cohort. 

Key messages 

■ In this young cohort of black and white men and 
women with minimal baseline confounding 
factors, compared with the participants who 
never drank, those who became/stayed drinkers 
had smaller increases, while those who quit 
drinking had the highest increase in fibrinogen 
over 13 years of follow-up. 



Conversely, fibrinogen — the precursor of 
fibrin, a cofactor for platelet aggregation, 
and a major determinant of blood viscosity 
and atherogenesis — directly and independ- 
ently correlates with CVD as well as CVD risk 
factors. 4 5 Many cross-sectional and prospect- 
ive studies have found lower fibrinogen levels 
among alcohol consumers. 4 6 Accordingly, 
fibrinogen levels decline with lifestyle inter- 
ventions such as smoking cessation, exercise 
and moderate alcohol consumption. 4 5 7 

Alcohol is suggested to be causally related 
to a lower risk of CVD through changes in 
lipids and haemostatic/inflammatory factors, 
such as fibrinogen. 1 3 6 8 9 This observed 
relationship between alcohol consumption 
and CVD follows a non-linear J-shaped curve, 
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Strengths and limitations of this study 

■ The strength of our study lies in the longitudinal nature of our 
assessment with a relatively long follow-up period of 13 years, 
the large size of the study, the youth of the study participants 
(with few residual confounding factors at baseline) and the 
sex/racial make-up of the cohort. Our study findings are par- 
ticularly novel in that in examining the associations between 
alcohol consumption and fibrinogen changes in a large popu- 
lation of black and white men and women, we consolidated 
many years of alcohol use into each of the alcohol status cat- 
egories, while examining their effects on variations in fibrino- 
gen levels within each group. Thus, our study provides an 
important addition to the literature with respect to the long- 
term relationship between alcohol use and fibrinogen as a 
marker of CVD. 

■ Limitations include the relatively wide range of alcohol intake 
levels included among persons classified as drinkers. 
Nonetheless, our findings remained the same after dropping 
at-risk levels. We caution that this analysis does not specific- 
ally measure all other potential conditions associated with ele- 
vated fibrinogen levels, although on average the CARDIA 
cohort was recruited to be a relatively healthy sample at base- 
line. Furthermore, some participants were excluded from our 
analysis due to missing data or loss to follow-up. Findings 
were unchanged when imputation analysis was performed in a 
prior study by our group which examined associations 
between fibrinogen and CV risk factors in the same population. 

thus suggesting hazards to excessive alcohol consump- 
tion and to complete abstinence. 1 6 10 In addition, there 
are some data in the literature linking a moderate 
increase in alcohol-consumption status to a decreased 
risk of CVD and diabetes, 11 12 and better health among 
moderate drinkers compared with alcohol quitters after 
acute myocardial infarction (MI). 13 Fibrinogen, lipids 
and other inflammatory and haemostatic factors 
implicated in CVD also appear to follow a J-shaped dis- 
tribution in their relationship with alcohol consump- 
tion. 6 9 14 Nonetheless, there are very sparse data 
describing the relationship between long-term change in 
alcohol-consumption status and any of these factors. 10 
Even less is known about the influence of cessation of 
alcohol use on these factors. 

We report 13-year longitudinal associations between 
change in alcohol-consumption status and cessation of 
alcohol use and variations in fibrinogen levels among a 
biracial group of young adult participants from the large 
Coronary Artery Risk Development in Young Adults Study 
(CARDIA) cohort. Findings from this study of young 
adults might provide some insight into the established pro- 
tective effect of moderate alcohol intake on CVD out- 
comes. We stratified our findings by sex and race. 

METHODS 
Study participants 

CARDIA is an ongoing multicentre prospective cohort 
study designed to investigate the evolution of CVD risk 



factors and subclinical atherosclerosis in young adults. 
Inclusion/exclusion criteria, baseline characteristics and 
details of the study design have been described else- 
where. 15 Briefly, in 1985-1986, the cohort enrolled 5115 
black and white adults aged 18-30 years, recruited from 
four urban US areas (Birmingham, Alabama; Oakland, 
California; Chicago, Illinois and Minneapolis, 
Minnesota) . Participants were balanced by age, sex, race 
and education at baseline. The institutional review 
boards at all the study sites approved the study protocol 
and obtained written informed consent from all study 
participants. 

Our study included 2971 non-pregnant CARDIA 
women and men with fibrinogen measurements at 
examination years 7 (Y7 — our study baseline) and 20 
(Y20 — termed follow-up in our study). Persons with cor- 
onary heart disease (CHD; n=6), persons with non- 
fasting glucose and missing data for triglycerides and 
low-density lipoprotein (LDL) cholesterol (n=312), 
persons with missing changes in alcohol-use status 
(n=28) and persons missing other covariates of interest 
(n=105) were excluded. The final cohort for analysis 
included 2520 non-pregnant women and men. 

Covariates ascertainment 

Blood pressure, cholesterol, height, weight, waist circum- 
ference, smoking and physical activity were measured in 
each examination using a standardised protocol. 16 
Interviewer-administered questionnaires were used to 
obtain information on age, race, socioeconomic mea- 
sures, diabetes history, cigarette-smoking status, family 
history and medication used. 15 

Alcohol consumption 

Alcohol use was assessed via an interviewer-administered 
questionnaire for different types of alcoholic beverages 
(wine, beer and liquor). Current alcohol drinkers were 
defined as individuals who drank any alcoholic bev- 
erages in the past year. Otherwise, individuals were clas- 
sified as non-drinkers. 

Change in alcohol-consumption status over 13 years 
was categorised according to dichotomised alcohol con- 
sumption groupings (non-drinker, current drinker) at 
Y7 and Y20 and four mutually exclusive groups to reflect 
long-term changes in alcohol-consumption status were 
defined: continued non-drinker (individuals persistently 
in the 'non-drinker' category at both Y7 and Y20, refer- 
ent), became drinker (individuals in the 'non-drinker' 
category at Y7 but in the 'current' category at Y20), 
stayed drinker (individuals persistently in the 'current' 
category at both Y7 and Y20) and quit drinking (indivi- 
duals in the 'current' category at Y7 but in the 'non- 
drinker' category in Y20). 

We used categorised change in alcohol use rather 
than a numeric value of change in alcohol consumption 
over time for two reasons: first, as per the US 
Department of Health and Human Services, alcohol use 
was categorised as none, moderate and at-risk based on 



2 



Okwuosa TM, Klein 0, Chan C, etal. BMJ Open 201 3;3:e002944. doi:1 0.1 1 36/bmjopen-201 3-002944 



Fibrinogen changes with alcohol-consumption status 



established thresholds; second, the distribution of 
changes in alcohol use (as numeric values) over time in 
the general population is skewed and not normally dis- 
tributed. As such, changes in alcohol use cannot be ana- 
lysed using parametric statistical tests. 

Fibrinogen measurement 

Each participant had blood samples drawn after an 8 h 
fast, between 7:00 and 10:00. Within 10 min of collec- 
tion, repeated inversion was used to mix the samples, 
which were then spun in a refrigerated centrifuge at 4°C 
for 20 min. Within 90 min, the samples were stored at 
— 70°C for a maximum of 4 months. Fibrinogen was mea- 
sured in Y7 and Y20 plasma samples as previously 
described, using the BNII Nephelometer 100 Analyzer, 
Dade Behring, Deerfield, Illinois, USA. 17 The assay was 
calibrated with a reference plasma of known fibrinogen 
concentration, and the intra-assay and interassay coeffi- 
cient of variation were 2.7% and 2.6% at Y7 and 3.1% 
and 4.2% at Y20, respectively. 

Statistical analysis 

All analyses were performed by sex/race strata, with two- 
sided p<0.05 considered as statistically significant. 
Baseline and follow-up alcohol-consumption status and 
pairwise differences in covariates by sex/race groups 
were estimated using t tests, % 2 tests and Fisher's exact 
tests, as appropriate. Analysis of covariance models were 
used to relate changes in status of alcohol use ( predictor 
variable) to changes in mean fibrinogen levels 
(outcome variable) over 13 years, with adjustments for 
covariates. Model 1 was adjusted for baseline (Y7) age 
and fibrinogen level. Model 2 was adjusted for baseline 
age, fibrinogen level, family history of heart disease, edu- 
cation, physical activity and traditional CVD risk factors 
(including hypertension, diabetes, dyslipidaemia, hyper- 
triglyceridaemia, obesity and number of cigarettes/ day) ; 
13-year change in physical activity score, as well as 
follow-up statuses of traditional CVD risk factors as 
listed. We stratified our findings by sex/race groups 
because the CARDIA study group was designed to be 
balanced by age, sex, race and education when recruited 
at baseline. Analyses were conducted with SAS statistical 
software V.9.2 (SAS Institute Inc, Cary, North Carolina, 
USA). 

RESULTS 

Baseline characteristics 

Baseline characteristics for this sample have been 
described previously. In brief, we included 2520 partici- 
pants (55% women, 43% black) with a mean age of 
32.2 years (range 25-37 years) at study baseline. Online 
supplementary table SI shows summary statistics for key 
variables at baseline and follow-up. Over 13 years, mean 
fibrinogen increased by 71 vs 70 mg/dL (p=NS) in black 
men compared with white men and 78 vs 68 mg/ dL 



( p<0.05) in black women compared with white women, 
respectively. 

The prevalence of alcohol use at baseline and year 20 
was higher among white men and women relative to 
black men and women (both p<0.01). Compared with 
the study baseline, the prevalence of alcohol use at Y20 
was higher among white men and women, but lower 
among black men and women by follow-up 13 years later 
(see online supplementary table SI). 

Multivariable changes in fibrinogen levels in relation to 
changes in alcohol-consumption status 

The alcohol-drinking status for most participants 
remained stable through the years ( figure 1 ) . More indi- 
viduals remained non-drinkers (N=829) or stayed drin- 
kers (N=1088), while fewer persons changed their 
drinking status through the years (N=309 for those who 
became drinkers, and 294 for those who quit drinking). 
After adjustments for various covariates (models 1 and 2 
in figure 1), changes in alcohol-consumption status from 
study baseline to follow-up were inversely associated with 
changes in mean fibrinogen levels during the same time 
period. As such, becoming or staying a drinker (for 
both models) was associated with a smaller mean 
increase in 13-year follow-up fibrinogen levels compared 
with never-drinkers. This held true among black men 
and women, but was particularly strongest in white 
women (all p<0.001 for both models among white 
women). An exception was white men, whose fibrinogen 
increased more in those who became or stayed drinkers 
and increased the least among those who never drank 
alcohol over the 13 years. 

For all alcohol-use patterns studied, quitting alcohol 
use was associated with the largest mean increase in 
fibrinogen by the 13-year follow-up (p<0.001 for white 
men, compared with never-drinkers) . For black women, 
change in fibrinogen was essentially the same for those 
who quit drinking relative to those who never drank 
alcohol over the years. 

Our findings remained the same when at-risk drinkers 
— defined as >3 drinks on the day of maximum intake 
in the past month or >8 drinks/week for women; and 
>4 drinks on the day they drank the most in the past 
month or >15 drinks/week for men 18 — were excluded 
from the analysis (data not shown). Our findings also 
did not change when follow-up CVD risk factors were 
excluded from model 2. Furthermore, the change in 
fibrinogen levels among participants who became or 
stayed drinkers through the years remained significantly 
lower compared with the change among those who quit 
drinking — used as the referent group in this case (data 
not shown) . 

The health characteristics of the participants by 
alcohol consumption category are shown in table 1 . The 
unadjusted data show that, at baseline (Y7), the contin- 
ued non-drinker population and those who quit drink- 
ing had a significantly higher prevalence of high blood 
pressure — which increased and remained significant by 
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tt Model 2: Adjusted for baseline (age, fibrinogen level, physical activity, and number of cigarettes/d), family history of heart disease, 
education; 13-year change (physical activity, number of cigarettes/d); and year 20 (obesity, hypertension, dyslipidemia, hypertriglyceridemia, 
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Figure 1 Adjusted mean increase in fibrinogen in relation to changes in alcohol use over 13 years by sex race: the Coronary 
Artery Risk Development in Young Adults (CARDIA) Study, 1992-2006. 



Y20 — compared with those who became or stayed drin- 
kers. Those who quit drinking had a significantly lower 
prevalence of diabetes at baseline, which increased (but 
not significantly) by follow-up at Y20. Interestingly, other 
assessed characteristics (including liver disease, hepatitis, 
digestive disease and cancer) were not significantly dif- 
ferent among the alcohol-consumption groups. 

DISCUSSION 

We directly examined associations between changes in 
long-term alcohol consumption and alcohol cessation 
and changes in fibrinogen levels in a large, young popu- 
lation of black and white men and women. Overall, we 
observed that fibrinogen rose less in persons who 
became drinkers or remained drinkers and, interestingly, 
increased more in persons who quit drinking. This 
pattern held for three of the sex/race groups in our 
study, even after adjusting for study baseline age, fibrino- 
gen levels, family history of heart disease, education, 
physical activity and traditional CVD risk factors; 13-year 
changes in physical activity, as well as follow-up statuses 
of traditional CVD risk factors (as detailed in model 2 in 
figure 1). However, for white men, continued non- 
drinker status was not associated with a greater rise in 
fibrinogen. 

Fibrinogen is mainly synthesised in the liver, and is a 
soluble glycoprotein which regulates plasma viscosity, 
induces reversible red cell aggregation and is the most 
abundant component of thrombi. 16 19 In addition, 



fibrinogen increases platelet reactivity by binding glyco- 
protein Ilb/IIIa receptor on the platelet surface. 16 
Fibrin is an important component of atherogenesis and 
atheroma growth; additionally, it provides a scaffold for 
smooth muscle cell proliferation and migration, which 
attracts leucocytes, affecting endothelial permeability 
and vascular tone. 16 20 Fibrinogen binds LDL choles- 
terol and lipids, and is consequently involved in the for- 
mation of the atherosclerotic lipid core. 16 Moderate 
alcohol consumption has beneficial effects on athero- 
sclerosis, attributed to its anti-inflammatory and antioxi- 
dant effects and to its actions on vascular function. 
These effects are thought to be mediated by 
polyphenols. 21 

Fibrinogen has shown significant independent positive 
associations with CHD, CVD and their risk factors — 
including age, smoking history, physical activity, body 
mass index, total and LDL cholesterol and systolic blood 
pressure, 4 5 while the opposite is true for alcohol con- 
sumption. In fact, alcohol consumed in moderate quan- 
tities is inversely correlated with risk factors and 
mortality for CHD and CVD (including stroke). 2 3 

We found that, overall, persons who continued to use 
and those who initiated alcohol consumption during the 
13 years of follow-up had smaller changes in fibrinogen 
levels relative to those who never consumed alcohol. 
Several prospective and cross-sectional studies have 
shown significant inverse associations between alcohol 
consumption and fibrinogen levels. 4 6 Indeed, moder- 
ate alcohol consumption has been associated with 
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platelet inhibition similar to that observed with aspirin 
use. 22 However, while some studies have examined the 
relationship between very short-term alcohol intake and 
changes in fibrinogen levels in a limited number of 
patients, 8 23 very sparse data exist that have examined 
associations between long-term alcohol intake status and 
variations in fibrinogen levels in a large population of 
participants. In addition, the youth of our study popula- 
tion contributes significant information to existing litera- 
ture because it evaluates alcohol effects on CVD risk, 
with minimal confounding. Our study suggests that mod- 
erate alcohol consumption can still modulate CVD risk 
even in young adults, an important finding which agrees 
with benefits to CVD risk modulation beginning early in 
life. It also suggests fibrinogen as a possible mediator of 
this process. 

An interesting and important observation from our 
study is that in all sex/race groups, among those who 
quit drinking over the years, fibrinogen levels increased 
to values higher than that observed for never-drinkers 
and the rest of the drinking groups. Indeed, several 
studies have observed a J-shaped curve in the relation- 
ship between alcohol and CVD such that lower alcohol 
consumption was associated with reduced CVD, while 
the reverse was true for higher quantities of alcohol con- 
sumed. 1 2 24 A study of patients immediately post-MI 
showed better health among patients with moderately 
increased alcohol intake relative to quitters. 13 
Nonetheless, to our knowledge, no study has investigated 
the effects of quitting alcohol consumption on inflam- 
matory/thrombotic markers or CVD risk factors in 
general. Fibrinogen is a marker of platelet aggregation 
and vascular thrombosis. In acute, short-term human 
and experimental models, discontinuation of alcohol 
use has been associated with rebound platelet 

14 22 25 

aggregation. 

Unlike the rest of the sex/ race groups, white men who 
became drinkers and those who stayed drinkers through 
the years had larger increases in fibrinogen levels rela- 
tive to never-drinkers. Prospective and cross-sectional 
studies have shown the observed J-curve pattern to bene- 
ficial effects of alcohol in whites, but not in blacks; and 
moderate alcohol drinking has been shown to be asso- 
ciated with reduced CVD mortality in whites, but not 
blacks. 26 27 This finding in our study is unexplained and 
requires further exploration. The strength of our study 
lies in the longitudinal nature of our assessment with a 
relatively long follow-up period of 13 years, the large size 
of the study, the youth of the study participants (with 
few residual confounding factors at baseline) and the 
sex/racial make-up of the cohort. Our study findings are 
particularly novel in that in examining the associations 
between alcohol consumption and fibrinogen changes 
in a large population of black and white men and 
women, we consolidated many years of alcohol use into 
each of the alcohol status categories, while examining 
their effects on variations in fibrinogen levels within 
each group. Thus, our study provides an important 
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addition to the literature with respect to the long-term 
relationship between alcohol use and fibrinogen as a 
marker of CVD. 

Limitations include the relatively wide range of 
alcohol-intake levels included among persons classified as 
drinkers. Nonetheless, our findings remained the same 
after dropping at-risk levels. We caution that this analysis 
does not specifically measure all other potential condi- 
tions associated with elevated fibrinogen levels, although 
on average the CARDIA cohort was recruited to be a rela- 
tively healthy sample at baseline. Furthermore, some parti- 
cipants were excluded from our analysis due to missing 
data or loss to follow-up. Findings were unchanged when 
imputation analysis was performed in a prior study by our 
group which examined associations between fibrinogen 
and CVrisk factors in the same population. 



CONCLUSION 

In this young cohort of black and white men and women 
with minimal baseline confounding factors, the increase 
in fibrinogen was smaller overall among drinkers and 
larger among those who quit drinking, compared with 
those who remained alcohol-free for 13 years. These 
results need to be confirmed in other populations. Our 
study provides insight into the mechanism and possible 
role of fibrinogen on the established protective effect of 
moderate alcohol intake on CVD outcomes, and concurs 
with benefits to CVD risk modulation beginning early in 
life. Translation of our findings to associations with 
CHD/CVD events would be of great interest. 
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